We systematically study the preinflationary dynamics of the spatially flat Friedmann-LemaitreRobertson-Walker universe filled with a single scalar field that has the generalized α−attractor potentials, in the framework of loop quantum cosmology, in which the big bang singularity is replaced generically by a non-singular quantum bounce due to purely quantum geometric effects. The evolution can be divided into two different classes, one is dominated initially (at the quantum bounce) by the kinetic energy of the scalar field, and one is not. In both cases, we identify numerically the physically viable initial conditions that lead to not only a slow-roll inflationary phase, but also enough e-folds to be consistent with observations, and find that the output of such a viable slow-roll inflationary phase is generic. In addition, we also show that in the case when the evolution of the universe is dominated initially by the kinetic energy of the scalar field (except for a very small set in the phase space), the evolution before reheating is aways divided into three different phases: bouncing, transition and slow-roll inflation. This universal feature does not depend on the initial conditions of the system nor on the specific potentials of the scalar field, as long as it is dominated initially by the kinetic energy of the scalar field at the bounce. Moreover, we carry out phase space analyses for the models under consideration and compare our results with the power-law and Starobinsky potentials.
I. INTRODUCTION
In the early 1980's, the cosmic inflation stood out as a popular paradigm for resolving various problems in the standard model of cosmology, such as the horizon and flatness, etc. It also explains the origin of inhomogeneities that are observed in the cosmic microwave background and the formation of the large scale structure of the universe [1] . During the last three decades, a wide range of inflationary models have been proposed, including conformal attractors [2] , α−attractors [3] [4] [5] [6] [7] , Starobinsky and the chaotic inflation in supergravity, which is known as Goncharov and Linde (GL) model [8] [9] [10] [11] [12] [13] . These models provide very similar cosmological predictions with respect to the significant differences in their potentials, and have an excellent fit with the current observations. According to Planck 2015 results [14] , in the case of a single field inflation, the potentials of α−attractors and Starobinsky are consistent with the observations, while the quadratic potential is not equally favorable.
Despite the triumph of the standard inflationary models, which are based on the classical theory of general relativity (GR), their past is inadequate due to the existence of a big bang singularity. All scalar field models of inflation suffer from this initial and inevitable singularity [15, 16] . Clearly, with this it is difficult to know when and how to set the initial conditions. Moreover, to be consistent with the current observations, the universe should have expanded at least 60 e-folds during the inflation. Meanwhile, in a large class of inflationary models, it is often more than 70 e-folds [17] . However, in these models the size of the current universe is smaller than the Planck at the onset of inflation. Consequently, the semi-classical treatments are questionable during inflation. This is the so-called trans-Planckian problem [18, 19] .
To address the above issues, in this paper we shall study the preinflationary dynamics of the generalized α−attractor model in the context of loop quantum cosmology (LQC), in which the big bang singularity is generically replaced by a quantum bounce [20] [21] [22] [23] [24] [25] , and investigate whether following the quantum bounce a desired slow-roll inflation generically exists or not [26] [27] [28] [29] [30] [31] [32] [33] [34] .
In the literature, there are mainly two distinct approaches for the preinflationary universe, the dressed metric [21, [35] [36] [37] and the deformed algebra [38] [39] [40] [41] [42] [43] . Although both approaches give rise to the same set of dynamical equations in the case of the background evolution of the universe, their perturbations are different [32] . The corresponding non-Gaussianities were also studied both numerically [44, 45] and analytically [46] recently, and found that it is consistent with current observations. However, in this paper since we are mainly concerned with the background evolution of the universe, the results to be presented in this work will be valid to both approaches. Keeping this in mind, we shall compare our results with the power-law and Starobinsky potentials obtained in [27, 29, 33, [47] [48] [49] . In particular, we shall show that, when the kinetic energy of the inflaton initially dominates at the bounce (except for a very small set in the phase space), the evolution of the universe before reheating can be divided universally into three different phases [47] [48] [49] : bouncing, transition and slow-roll inflation. During these phases, the evolutions of both background and linear perturbations of the universe are all known analytically [48, 49] . In the small exceptional region of the phase space, we find that the potential energy first evolutes almost as a constant in the bouncing phase, but oscillating afterward, in contrast to the rest of regions in which the kinetic energy of the inflaton dominates the evolution of the universe at the quantum bounce. As a result, in this exceptional region, a slow-roll inflation is not resulted.
The rest of the paper is organized as follows. In Sec. II, we briefly discuss the basic equations of the background evolution of the universe in the framework of LQC. In Sec. III, we examine the generalized α−attractor model, and shall divide it into three models, namely T , E and α−attractor with n = 2 in the sub-sections III A, III B and III C, respectively. These sub-sections are devoted to the detailed analysis of the background evolution in the framework of the positive inflaton velocity (PIV,φ > 0) and negative inflaton velocity (NIV,φ < 0), and also in the form of kinetic energy dominated (KED) and potential energy dominated (PED) cases at the bounce. The phase portraits for the models under consideration are presented in Sec. IV. In Sec. V, we compare our results with the ones obtained previously for the power-law and Starobinsky potentials. Our main conclusions are summarized in Sec. VI.
Before turning to the next section, it is interesting to note that pre-inflationary universe has been also studied recently in the framework of loop quantum gravity (LQG) [50] [51] [52] [53] [54] [55] by using Thiemann's quantization scheme for the Lorentz part of the Hamiltonian [56] , and among other things, it was shown that the resolution of the big bang singularity (replaced by a quantum bounce) is robust, although the details near the bounce depend on the ways to regularize the Hamiltonian [53, 54] . When the kinetic energy of the inflaton dominates at the bounce, the evolution of the universe before reheating can be also divided universally into three different phases, bouncing, transition and slow-roll inflation [53, 54] . During these phases, the evolution of the background of the universe is also known analytically [48, 49] .
We would also like to note that recently inflation with different potentials have been studied in Einstein's theory of gravity and string-inspired models [57] [58] [59] [60] [61] , and various interesting results were obtained. In addition, in the framework of quantum reduced loop gravity (QRLG), its Hamiltonian (H QRLG ) is almost identical to the Hamiltonian of LQC (H LQC ), except for a leading term [62, 63] . If this term is zero, then H QRLG exactly coincides with H LQC . Similar to LQC, bounce occurs in QRLG. If we use the modified Friedmann equation of QRLG, then we can also obtain three different phases, bouncing, transition and the slow-roll inflation. However, the background dynamics would not be exactly the same as in LQC due to the dependence on the parameters of QRLG. Yet, the modified Friedmann equation of group field theory (GFT) is also almost the same as in LQC, except with the last term of energy E j0 [64, 65] , The geometric interpretation of E j0 is not transparent, but its effect on the dynamics is as following: (a) For E j0 = 0, the effective dynamics is same as in LQC. (b) For E j0 > 0, the bounce will take place at a higher space-time curvature. (c) For E j0 < 0, the bounce will occur at a lower space-time curvature.
The issue of estimating the duration of the slow-roll inflation with effective isotropic, anisotropic and Bianch I Universe in LQC have been investigated in [66] [67] [68] , in which it was found that the probability distribution function during the slow-roll inflation is peaked at the values of e-folds which are consistent with observations. Moreover, the duration of the slow-roll inflation does not depend crucially on the modified background evolution [69] . A new related study for the probability of inflation has been discussed in [70] , in which the existence of the quantum bounce affects the probability of inflation.
II. BACKGROUND EVOLUTION
In the framework of LQC, the modified Friedmann equation in a spatially flat Friedmann-LemaitreRobertson-Walker (FLRW) background is written as [71] 
where H =ȧ/a is the Hubble parameter, ρ =φ 2 /2+V (φ) represents the energy density of the inflaton field, and V (φ) is the potential of the field. The dot denotes a derivative with respect to the cosmic time t, m P l is the Planck mass and ρ c is the critical energy density that corresponds to the maximum value of energy density, and is given by ρ c 0.41m 4 pl [72, 73] . The conservation equation in the context of LQC remains the same as in the classical theorẏ
Here, p denotes the pressure of the matter field. Eq. (2) gives the Klein-Gordon equation for a single scalar field
Eq.
(1) tells that at ρ = ρ c , H = 0 that means quantum bounce occurs at ρ = ρ c . The numerical evolution of the background with the bouncing phase has been extensively studied in the literature. One of the main results is that a desired slow-roll inflation is achieved [23, 27-29, 47-49, 74] . Keeping this in mind, we shall study "bounce and slow-roll" with the generalized α−attractor model (see Sec. III). Let us first examine the evolution equations for a general potential V (φ). We numerically solve Eqs.(1) and (3) with the initial values of a(t), φ(t) andφ(t) at a specific time. A natural option of the time is at the bounce This potential is symmetric about φ = 0, and bounded by V (φ) ≤ αc 2 (above, as φ → ±∞) and V (φ) ≥ 0 (below). In LQC, maximum energy density is ρc that constrains φmax, see Eq. (26) . Therefore, ρ ≤ ρc at the bounce. In the case of α = 10m 2 P l , ρ ≤ ρc as φ → ±∞. However, for α = 10 10 m 2 P l , ρ ≤ ρc as φ → ±2.56 × 10 5 . Right panel exhibits the evolution of the potentials (18) and (20) . Both potentials are bounded below by zero i.e. V (φ) ≥ 0. For φ → ∞, the potentials are bounded above by
, whereas for φ → −∞, both potentials are unbounded from above. However, at the bounce, the critical energy density restricts φB to (φmin, ∞), where φmin are represented by the black dots, and given by Eqs.(29) (n = 1) and (37) (n = 2). The numerical results for T − model (16) withφB > 0. The figure shows the evolution of a(t), w(φ) and H for the KED with slow-roll inflation (top) and without slow-roll inflation (bottom) initial conditions at the quantum bounce. The analytical solution of a(t) [Eq. (12) ] is also displayed in order to compare it with the numerical solutions. We use α = 10m
−5 m P l , and m P l = 1. Due to the symmetric nature of the T − model, similar results can be obtained forφB < 0. t = t B , for which we have
from which we finḋ
Without loss of the generality, we can always choose
Hereafter, we shall read φ(t B ) andφ(t B ) as φ B andφ B . From Eq.(5), one can clearly see that for a given potential, the initial values will be uniquely identified by φ B only. Subsequently, we shall consider two cases: (a) PIV:φ B > 0 and (b) NIV:φ B < 0. (12) is universal in the case of KED initial conditions (top and middle), while it is lost in the PED case (bottom). We take α = 10 10 m 2 P l , c = 8.2 × 10 −6 m P l , and m P l = 1. In the case ofφB < 0, one can obtain similar results as the potential (16) The energy density ρ =φ 2 /2 + V (φ) is also displayed. Left (KED case, φB = 5m P l ): during the bouncing phase, PE is sub-dominant and remains so until the transition phase. Thereafter, it overtakes KE and starts to dominate the evolution of the universe, whereby a slow-roll inflationary phase is resulted. Middle (KED case, φB = −2.4m P l ): This panel shows that the PE remains sub-dominant and is never able to overtake the KE. Hence, it does not give rise to a slow-roll inflationary phase. Right (PED case, φB = 2 × 10 5 m P l ): in this case, PE dominates throughout the whole evolution, and provides a slow-roll inflationary phase for a long period. 
Second, we introduce the following quantities that are essential for this paper [47] [48] [49] .
(1) The equation of state (EoS) w(φ) for the inflaton field is defined as
In the slow-roll inflationary phase, w(φ) −1.
To differentiate the initial conditions for being dominated by the kinetic energy (KE) or potential energy (PE) at the bounce, we also introduce the quantity w B , so that
(2) The slow-roll parameter H , that is expressed in terms of the Hubble parameter and its derivatives,
During the slow-roll inflation, H 1. (3) The number of e-folds N inf during the slow-roll inflation is given by
where a i (a end ) represents the expansion factor when the inflation starts (ends), i.e.ä(t i ) 0 and w(φ end ) = −1/3.
(4) Using Eqs. (1) and (3), we obtain an analytical expression of the scale factor a(t) during the bouncing phase. In this phase, if the potential is very small compared to the kinetic energy, then Eqs.(1) and (3) become
We solve the above equations analytically, and find [47] [48] [49] 
where t P l denotes the Planck time, and δ = 24πρ c /m
is a dimensionless parameter.
We define a quantity r w , that is the ratio between the kinetic and potential energies,
Following Eq. (13), one can define r c w that corresponds to (19) and (21) . The sign (−) represents the case in which a single initial value of φB does not provide KED=PED (w B = 0) and PED (w B < 0) at the bounce. Here, φmax corresponds to T − model and given by Eq. (26) . In the case of E − model and α−model with n = 2, φmin are given by Eqs. (29) and (37) , respectively.
In the following section, we shall discuss the generalized α−attractor model in the context of PIV and NIV at the quantum bounce.
III. α−ATTRACTOR MODEL
In this section, we shall study "bounce and slow-roll" with the generalized α−attractor model in the framework of LQC. Let us consider the following form of the potential [75, 76] :
where the parameters α and c have the dimensions of M 2 P l and M P l , and M P l = m P l / √ 8π is the reduced Planck mass. The parameter n takes the values n = 0, 1, 2, 3... For large field values (φ → ∞), the generalized α−attractor potential becomes flatten, and for small field values (φ → 0), it behaves as a quadratic one. For different values of n, Eq. (15) gives the following forms of the potentials.
For n = 0, we have
In the literature, Eq. (16) is known as T − model [3, 5, 6] , and also represents GL model for α = 1/9 [13] . We find values of α and c that are consistent with the Planck 2015 results for inflationary universe [14] . Here, we write only those values which shall be used in figures and tables. However, one can also obtain other combinations (see 
For n = 1, we have
This is called E − model (generalization of the Starobinsky model) [4] . Eq. (18) corresponds to the Starobinsky model when α = 1 [8] . For the numerical evolution, combinations of α and c that are in agreement with the Planck data [14] , are given as (see Appendix A)
For n = 2, we have
Values of α and c that are compatible with the Planck data [14] are given by (see Appendix A)
Here, we are interested in the dynamics of the inflaton field having potentials (16), (18) and (20) . Numerically, we shall solve Eqs. (1), (3) with (16), (18) and (20), and examine whether following the quantum bounce, a desired slow-roll inflation exists or not. Before proceeding, let us first consider the inflationary potentials (16) , (18) and (20) that are shown in Fig. 1 . The predictions of Eq. (16) with (18) and (20) are similar but not identical as the main difference is in the shape of the potentials. The potential (16) is symmetric about φ = 0, whereas potentials (18) and (20) are not symmetric in nature.
Second, we present the range of α (depending on φ B ) having inflationary/non-inflationary phase for the models under consideration in Table I . Following this, we choose some values of α in each case and use them to draw the figures with different values of φ B , and its corresponding range for inflationary/non-inflationary phase with PIV and NIV are shown in Table II .
A. T-model
Let us discuss some characteristics of T − model [Eq. (16)]. We show the evolution of potential (16) vs the scalar field in Fig. 1 . This potential asymptotically approaches a plateau for large field values, and as the field approaches the origin, it is oscillating. The potential is symmetric with respect to φ = 0.
We numerically solve Eqs. (1) and (3) with T − model. Here, we only consider the caseφ B > 0 (PIV) because the initial conditions for T − model at the bounce have symmetry (φ B ,φ B ) → (−φ B , −φ B ), and the results foṙ φ B < 0 (NIV) can be easily obtained by using the above symmetry. Further, initial conditions can be categorized into two sub-cases, namely, KED and PED at the bounce.
For this model, we choose two values of α, α = 10m First, we numerically evolve T − model with the background given by Eqs. (1) and (3) for α = 10m 2 P l . The results for a set of KED initial conditions at the bounce are presented in Fig. 2 , in which the scale factor a(t), the EoS w(φ) and the slow-roll parameter H are shown for the same set of φ B . In the future evolution of w(φ) and H , we obtain inflationary and non-inflationary phases. This means, in the entire parameter space of the KED initial conditions, we also have a small subset that does not provide inflationary phase, see Fig. 2 and Table II . From the curves of w(φ) (top panel of Fig. 2 ), we notice that the evolution of the universe before reheating can be split up into three different phases, namely bouncing, transition and slow-roll [47] [48] [49] . During the bouncing phase, the kinetic energy remains dominant, and w(φ) +1. In the transition phase, w(φ) decreases drastically from +1 (t/t P l 10 3 ) to −1 (t/t P l 10 4 ). This transition phase is slightly short in comparison with the other two phases. In the slow-roll phase, w(φ) is close to −1, and remains so until the end of the slow-roll inflation. During the bouncing phase, it is remarkable to note that the evolution of a(t) (top panel of Fig. 2 ) is independent for a wide range of initial values of φ B , and exhibits the compatible behavior with the analytical solution (12) .
The entire range of KED initial conditions is from −∞ to +∞. In this range most of initial values provide inflationary phase. However, there is a small subset that does not give inflationary phase, see Table II is given as (See Table II )
To be consistent with the Planck data [14] , at least 60 e-folds are needed during the slow-roll inflation, and to obtain it one has to require (see Table III )
In the case of initial conditions withφ B < 0, we use the
From Table III , one notices that the number of e-folds N inf grows as the absolute values of φ B increase, which implies that an absolute large value of φ B can produce more number of e-folds. The similar results for power-law potentials were obtained in [47] . Next, we study T − model with α = 10 10 m 2 P l . The results are displayed in Fig. 3 forφ B > 0. Here, we use a large value of α to get both KED and PED initial conditions at the quantum bounce. In Fig. 3 , we show the evolution of the scale factor a(t), EoS w(φ) and slow-roll parameter H , and show the inflationary and non-inflationary phases of the universe. Top, middle and bottom panels of Fig. 3 are obtained for the different sets of initial conditions of φ B that correspond to KED with slow-roll (Top), without slow-roll (Middle) and PED with slow-roll (Bottom). From the top and middle panels of Fig. 3 , we conclude that the KED initial conditions have a subset that does not provide slow-roll inflation phases. The range of the above subset is given in Table II. Let us compare Top and bottom panels of Fig. 3 that are obtained for KED and PED initial conditions. In top panels, the evolution of a(t) exhibits the universal feature which is consistent with the analytical solution (12) . The evolution of w(φ) shows three different phases, namely bouncing, transition and slow-roll. In bottom panels, the universal feature of a(t) is lost, and the bouncing phase no longer exists, though the slow-roll inflation w(φ) −1 can still be achieved.
The range of φ B that provides inflationary and noninflationary phases is given by (see Table II ): (25) where
To obtain at least 60 e-folds during the slow-roll inflationary phase, one has to require (see Table III ):
Forφ B < 0, the same results can be obtained with the symmetry (φ B ,φ B ) → (−φ B , −φ B ), and are given by
As mentioned in the case of α = 10m 2 P l , here also one can get more e-folds for the large absolute values of φ B , see Table III .
Finally, we consider the evolutions of the kinetic and potential energies in Fig. 4 , and pay particular attention on the case in which a slow-roll inflationary phase is absent, although the kinetic energy of the inflaton still dominates the evolution of the universe at the bounce. Left panel is plotted for KED initial condition with φ B = 5m P l . In the bouncing phase, KE dominates the evolution whereas PE remains sub-dominant. As time increases, KE decreases until the transition phase in which KE falls below the PE, and thereafter, PE dominates and remains so for most of the time of the evolution, during which the slow-roll inflation is resulted. Middle panel is shown for a value (φ B = −2.4m P l ) of a subset of KED initial conditions. In this case, PE is sub-dominant initially and remains so during the entire evolution. It never overtakes the KE. As a result, a slow-roll inflationary phase is absent. Right panel exhibits the PED case where PE dominates generically during the whole process, and gives rise to a slow-roll inflationary phase for a long period.
B. E-model
In this subsection, we study the features of E − model [Eq. (18) ]. The E − model potential is displayed in Fig.  1 . This kind of potentials is bounded below by zero i.e. V (φ) ≥ 0. On the positive side (φ → ∞), the potential (18) achieves a finite value V (φ) → αc 2 /4, whereas in the negative side (φ → −∞) it diverges. Hence, this potential is asymmetric. In LQC, the total energy density can not exceed the value of ρ c . Therefore, the critical energy density constrains the initial values of φ B as (φ min , ∞), where
The E − model reduces to the Starobinsky model for α = 1. Here, we shall not discuss the Starobinsky model as the evolutions and the phase space analysis have been already studied in detail in [33, 48, 49] . Hence, in this sub-section, we shall investigate E − model with different values of α (α = 1). From Eq. (29), one can obtain φ min for the given value of α and c. First, let us work with α = 0.1m 2 P l and c = 3.3 × 10 −4 m P l [Eq. (19) ]. In this case, we have φ min −3.64m P l . Numerically, we examine the whole range of the inflaton field in order to identify the initial conditions that can give rise to the slow-roll inflation. We find the KED (PED) evolution exists in a very long (narrow) range and given by (see , Table II ):
• Forφ B > 0, we have
where φ min is given by Eq. (29) . (Bottom) forφB > 0. Top: left and middle panels correspond to KED initial conditions at the bounce. Left panel ( φB = −0.1m P l ) provides the slow-roll inflation as PE dominates at the later regime, while it is not possible in the middle panel ( φB = −2m P l ) as PE never dominates. Right panel ( φB = −3.58m P l ) represents the PED case, but does not yield the slow-roll inflation. Bottom: Left panel ( φB = −8m P l ) gives rise to the slow-roll inflation, whereas the middle panel ( φB = −2m P l ) does not. However, in this case, the right panel ( φB = −25m P l ) yield the slow-roll inflation for PED initial conditions.
• Forφ B < 0, we obtain
The results of the background evolution for KED and PED initial conditions are shown in Figs. 5 and 6, witḣ φ B > 0 andφ B < 0, respectively. In both figures, the evolutions of a(t), w(φ) and H are obtained numerically for the same set of the initial values of φ B . In the case of KED initial conditions, the evolution of a(t) is universal during the bouncing phase as it does not depends on the form of the potentials nor on the initial values of φ B , and can be well approximated by the analytical solution (12) . This is mainly due to the fact that the potential remains very small in comparison with the kinetic one during the whole bouncing phase, and its effects on the evolution of the background is almost negligible. From the evolution of w(φ), one can see that the background evolution is divided into three different phases: bouncing, transition and slow-roll. The period of transition phase is very small in comparison with the other two. In the bouncing phase, w(φ) +1, while in the transition phase it suddenly decreases from +1 (t/t P l ≈ 10
3 ) to −1 (t/t P l ≈ 10 4 ). In the slow-roll inflationary phase, it is very close to −1 until the end of the slow-roll inflation. In the KED case, we also have a subset that does not provide the slow-roll inflation, which is shown clearly in the middle panels of Figs. 5 and 6. The range of this subset is presented in Table II. In the case of PED initial conditions, the universality of the scale factor a(t) is lost, and the bouncing phase does not exist any more, and the slow-roll inflationary phase can not be obtained. See the bottom panels of Figs. 5 and 6.
In Tables IV and V , we display the initial values of φ B that provide the desired slow-roll inflation, from which one can see that, for the successful inflation at least 60 e-folds are needed and to obtain this, the values of φ B should be in the range of
within which, Tables IV and V exhibit that N inf grows as φ B increases. Next, we work with α = 5m (PED) evolution has large (small) range and given by (see , Table II) ,
forφ B > 0, and
forφ B < 0. We show the results of the background evolution for KED and PED initial conditions in Figs. 7 and 8, witḣ φ B > 0 andφ B < 0, respectively. In both figures, we show the evolutions of a(t), w(φ) and H for the same set of initial values of φ B . In the bouncing phase, the numerical evolution of a(t) is compatible with the analytical solution (12) in the case of KED initial conditions whereas such a universality disappears in the PED case. From the evolution of w(φ), we obtain three different phases, namely bouncing, transition and slow-roll inflation in the KED case, while in the PED case the bouncing and transition phases no longer exist, though the slow-roll inflation can still be achieved.
In this case, the entire range of φ B (except for a small subset of KED) lead to the slow-roll inflation as shown in Table II . However, this is not possible in the case of α = 0.1m 2 P l and the Starobinsky model [33, 48, 49] where the PED and a subset of KED initial conditions do not provide the slow-roll inflation. In Tables IV and V , we present the initial values of φ B that lead to the slow-roll inflation, from which one can clearly see that, in order to get at least 60 e-folds during the slow-roll inflation, one has to require
forφ B < 0. In the above ranges, N inf grows as φ B increases. Finally, we compare the numerical evolutions of the KE and the PE, which are shown in Fig. 9 . Left panels (top and bottom) correspond to KED case at the bounce. Initially KE dominates and PE sub-dominates. As the evolution arrives in the transition phase both the energies become comparable. Soon PE becomes dominant, whereby a slow-roll inflation is resulted. Middle panels (top and bottom) are displayed for a subset of KED initial conditions where the slow-roll inflation cannot be obtained as the PE remains sub-dominant. Right panels (top and bottom) is for the PED case. In top right (α = 0.1m 2 P l ), the slow-roll inflation is not possible as the PE remains sub-dominant throughout the whole evolution, while the bottom right (α = 5m C. α−attractor model with n = 2
We now turn to consider the α-attractor model with n = 2 [Eq. (20) ]. The evolution of potential (20) is shown in Fig. 1 . Similar to E − model, the potential (20) is bounded below by zero (V (φ) ≥ 0), and gives finite value V (φ) 2.8 × 10 −9 m 4 P l (for α = 5m 2 P l ) at φ → +∞, whereas it shows divergence at φ → −∞. Therefore, this is an asymmetric potential. In LQC, the maximum energy density is ρ c that constrains the initial values of φ B as (φ min , ∞), and φ min is given as
where
Let us solve the background equations (1) and (3) with (20) numerically for α = 0.5m 2 P l and c = 2.9 × 10 −4 m P l . In this case, φ min −4.08m P l . Similar to the T − and E − models, the initial conditions are divided into two sub-classes; KED and PED, see Table II , and is given by forφ B > 0, and
forφ B < 0, where φ min is given by Eq.(37). The numerical results are illustrated in Figs. 10 and 11 for a set of KED and PED initial conditions withφ B > 0 anḋ φ B < 0, respectively. The explanation of these figures is quite similar to the case of E − model. Therefore, we shall not repeat again. Here, we shall discuss the rest of results for the model (20) . In Tables VI and VII, we demonstrate the different inflationary parameters. Looking at both tables, the range of φ B that is restricted to produce enough e−folds for the desired slow-roll inflation, is given by
within which, one can infer that the number of e−folds grows as the values of φ B increase as shown in Tables VI  and VII. In the case of α = 5m 2 P l and c = 9.4 × 10 −5 m P l , the numerical results are displayed in Figs. 12 and 13 . The range of φ B is given as follows (see Table II ): forφ B > 0, and
forφ B < 0, where φ min is given by Eq.(37). To obtain enough e−folds for the desired slow-roll inflarion, the range of φ B requires as (see Tables VI and VII) :
In the above range, N inf grows as the absolute value of φ B increases that are displayed in Tables VI and VII. Finally, we show the numerical evolutions of KE and PE in Fig. 14 . The explanation of this figure is similar to Fig. 9 of E − model.
IV. PHASE SPACE ANALYSIS AND THE DESIRED SLOW-ROLL INFLATION
In this section, we study the phase space analysis for the models considered in the last sections. Let us first examine the symmetric T − model with two different values of α. In the case of α = 10m 2 P l , the range of initial conditions having slow-roll/no slow-roll inflation, and consistent with observations are presented in Eqs. (22), (23) and (24) . Fig. 15 exhibits the evolution of few trajectories in (φ/m P l ,φ/m 2 P l ) plane starting from the quantum bounce (boundary curve without arrows). As mentioned in the subsection III A, the initial data surface is not compressed: |φ B | < 0.91m
and φ B → ±∞. The dashed (blue) trajectories demonstrate the non-inflationary phase, while the solid (blue) ones show the inflationary phase but do not lead to the desired slow-roll inflation as they do not produce sufficient e−folds. Only red trajectories exhibit the desired slow-roll inflation which are compatible with observations. Similarly, dashed and solid (blue) parts of the initial surface correspond to non-inflationary and a subset of inflationary phase that is not consistent with observations, whereas red part is compatible with observations. One can clearly see that the region of the non-inflationary phase and the part which does not provide the desired slow-roll inflation are almost negligible in comparison with the whole initial phase. Thus, a substantial fraction of the initial conditions generate a desired slow-roll inflation. For α = 10 10 m (26)), but here we exhibit only a small portion of it. The solid curves (red and blue) provide the slow-roll inflation, which are consistent with observations only by the red ones, and the dashed (blue) curves denotes the non-inflationary phase. (29)), but here we display only a part of it. The red curves provide the desired slow-roll inflation, whereas the blue (solid) ones do not. The dashed (blue) curves represent the case without inflation. Since the figure extends from all the way to ∞, the fractions of blue (dashed and solid) curves are extremely small in comparison with the red ones. Hence, one concludes that the existence of the slow-roll inflation is almost unavoidable.
of initial conditions that are compatible with observations or not are presented in Eqs. (25) , (27) and (28) , and the phase portrait is shown in Fig. 15 . In this case, the initial data surface is compact: |φ B | < 0.91m In this case, the initial surface is semi compact: |φ B | < 0.91m 2 P l and φ B ∈ (−3.64, ∞). Fig. 16 shows that the trajectories starting from the bounce represent the slowroll (red ones correspond to enough e−folds that are consistent with observations while solid blue ones are not) and without slow-roll inflation (dashed blue). Here, PED and a subset of KED initial conditions do not lead to the slow-roll inflation (blue; dashed and solid lines), while KED initial values (except a small subset) provide (red). In a similar way, the dashed and solid (blue) parts of the bounce (boundary curve) display the region of noninflationary and inflationary phases (not compatible with observations), and the red part denotes the desired slowroll inflation phase that is consistent with observations. The range of initial conditions are presented in Eqs. (30), (31) and (32) . Second, we take α = 5m 2 P l , here also the bounce surface is semi compact: |φ B | < 0.91m 2 P l and φ B ∈ (−25.65, ∞). The rest is the same as in the case of α = 0.1m 2 P l except PED initial conditions. Here, one can obtain the desired slow-roll inflation with the KED (except a subset) and the PED initial values. However, it is not possible for the α = 0.1m 2 P l case. The range of initial conditions is shown in Eqs. (33) , (34) , (35) and (36) . Notice that, a small portion of the whole initial conditions is displayed in Fig. 16 .
Finally, we investigate the α−attractor model with n = 2. The phase portraits are presented in Fig. 17 for α = 0.5m 2 P l (left) and α = 5m 2 P l (right). In this case, the bouncing phase is also semi-finite: |φ B | < 0.91m 2 P l ; φ B ∈ (−4.08, ∞) for α = 0.5m 2 P l and φ B ∈ (−12.88, ∞) for α = 5m 2 P l . Similar to E − model, here also one value of α leads to the desired slow-roll inflation for both KED and PED initial conditions whereas it is not feasible for another value. In Fig. 17 , only a small part of initial values is shown. However, the entire range of initial conditions is given by Eqs.(39)−(44).
V. COMPARISON WITH THE POWER-LAW AND THE STAROBINSKY POTENTIALS
In the literature, a large number of inflationary models have been studied that can be consistent with observations. In the case of a single field inflation, Planck 2015 results demonstrate that the quadratic potential is not favored compared to the power-law [V (φ) ∝ φ n with n < 2], the Starobinsky and α−attractor models [14] . Therefore, in this section, we shall compare our results with these known models [33, 47] .
Let us first consider the results of the T − model with the power-law and Starobinsky potentials. In the case of power-law potential, both KED and PED initial conditions produce the desired slow-roll inflation, and are consistent with observations in terms of the number of e−folds [47] . In the case of T − model (with α = 10 10 m 2 P l ), there is a small subset of KED initial conditions that does not generate the slow-roll inflation, and in terms of the number of e−folds, both KED (except for a very small subset) and PED initial values are consistent with observations, while the Starobinsky potential is observationally compatible only for KED (except for a very small subset) initial values and not for PED ones [33] .
Next, we consider the results of the E − model with the power-law and Starobinsky potentials. In the case of power-law potential, both KED and PED initial conditions are compatible with observations, whereas the Starobinsky inflation is consistent only for KED ones. In the case of E −model, there is a subset of KED initial values that corresponds to the non-inflationary phase. For α = 0.1m 2 P l , our results are consistent with the Starobinsky model as both models (Starobinsky and E − model with α = 0.1m 2 P l ) lead to the desired slow-roll inflationary phase only for KED (except for a very small subset) initial values and not for PED ones. However, if we consider large values of α (say α = 5m 2 P l ), the scenario will be different as in this case both KED (except a very small subset) and PED initial conditions lead to the desired slow-roll inflation and consistent with present observations in terms of the number of e−folds.
Finally, we consider the obtained results of α−attractor model with n = 2. Similar to E − model, here also the α−model with n = 2 is consistent with the Starobinsky model for small values of α (say α = 0.5m 2 P l ), but for large values of α (say α = 5m 2 P l ), both KED (except for a small subset) and PED initial values provide the desired slow-roll inflation, and compatible with the current observations as they all produce enough e−folds.
VI. CONCLUSIONS
In the context of LQC, in this paper we have systematically investigated the preinflationary dynamics of the T , E − models and α−attractor with n = 2 for various cases (PIV and NIV, also KED and PED). Our analysis bears resemblance with the study of the scalar field dynamics for the α−attractor effective potential on RS brane with time like extra dimension [77] . We have chosen these models as they are favored by the Planck 2015 data [14] .
In particular, we have first performed the detailed numerical analysis of the background evolution of the universe for T − model with α = 10m 2 P l and 10 10 m 2 P l . Due to the symmetry of T − model potential, we have chosen only PIV at the quantum bounce. Further, initial conditions are divided into the KED and PED cases at the bounce. In the case of α = 10m 2 P l , we have only KED initial conditions during the entire bouncing phase. However, to obtain both KED and PED initial values at the bounce, α should be very large (say α = 10 10 m 2 P l ). The numerical results for T − model are shown in Figs. 2 and 3, in which the scale factor a(t), EoS w(φ) and slow-roll parameter H are shown for the same set of initial values of φ B . In the evolution of w(φ) and H , we have obtained inflationary and non-inflationary phases for the KED case. This implies that a small subset exists in which it does not give inflation, see Figs. 2, 3 and Table II. In the case of KED initial conditions (except for a very small a subset), the universe is always divided into three distinct phases prior to the reheating: bouncing, transition and the slow-roll inflation. In the bouncing phase, the evolution of the background is independent not only of the wide ranges of initial values but also of the potentials. Specially, the numerical evolution of the expansion factor a(t) has shown the universal feature and well approximated by the analytical solution (12) , see upper panels of Fig. 3 . During this phase, the EoS stays pegged at unity, w(φ) +1. Though, in the transition phase, it decreases quickly from w(φ) +1 to w(φ) −1. The span of the transition phase is very short in comparison with other two phases. Afterwards, the universe enters the slow-roll inflationary phase, where H is large initially, but soon decreases to almost zero, by which the slow-roll inflation starts, as exhibited in the upper panels of Fig. 3 . During the slow-roll inflation, we also obtained the number of e-folds that is displayed in Table III . In the case of PED initial values, the universality of the scale factor a(t) is lost, and the bouncing phase no longer exists. However, the slow-roll inflation can still be acquired for a long period, and correspondingly one can obtain a large number of e-folds, as shown in the bottom panels of Fig. 3 and Table III. Next, we have investigated the evolution of the background for E − model with α = 0.1m 2 P l and 5m 2 P l . This model is not symmetric. Therefore, we have examined both PIV and NIV: the numerical evolution of the background is divided into the form of KED and PED initial conditions at the bounce. In LQC, the total energy density can not be larger than ρ c . We have found that the KED evolution has a large range of φ B than the PED ones, see Table II . The numerical evolutions of a(t), w(φ) and H for E − model with α = 0.1m 2 P l and 5m 2 P l are shown in Figs. 5, 6, 7 and 8. In the case of α = 0.1m 2 P l , the entire range of φ B does not give rise to the slow-roll inflation. In other words, a large range of KED (except a small subset) initial conditions provide the slow-roll inflation whereas a small subset of KED and the whole range of PED initial conditions do not. Similar results for the Starobinsky model were shown in [33] . Although, in the case of α = 5m Table II . We have also found the number of e-folds which is exhibited in Table IV and V. Then, we have considered the background evolution of the α−attractor model with n = 2 for α = 0.5m 2 P l and 5m 2 P l . This model is also asymmetric, and the total energy density can not exceed ρ c . The numerical results are shown in Figs. 10, 11, 12 and 13. Similar to the E − model, here also, for small values of α (say α = 0.5m 2 P l ), we do not get slow-roll inflation for a small subset of KED and the entire range of PED initial conditions, while a large range of KED initial values produces the slow-roll inflation. Though, for large values of α (say α = 5m 2 P l ), both KED (except a small subset) and PED initial values are capable to produce the slow-roll inflationary phase. We have also obtained N inf 's that are displayed in Tables VI and VII. Looking at both tables, physically viable initial conditions are identified that are consistent with the Planck data [14] .
Finally, we have presented the phase space analysis for the above three models. For T − model with α = 10m 2 P l , the quantum bounce is not compact: |φ B | < 0.91m 2 P l and φ B → ±∞ whereas for α = 10 10 m 2 P l , it is compact: |φ B | < 0.91m 2 P l and φ B → ±2.56 × 10 5 m P l . In the case of E − model and α−attractor with n = 2, the initial surface is semi-finite: for E − model with α = 0.1m 2 P l and α = 5m 2 P l , it is |φ B | < 0.91m 2 P l ; φ B ∈ (−3.64, ∞) and φ B ∈ (−25.65, ∞), respectively, while for α−attractor with n = 2, this is given as |φ B | < 0.91m 2 P l ; φ B ∈ (−4.08, ∞) for α = 0.5m 2 P l and φ B ∈ (−12.88, ∞) for α = 5m 2 P l . The phase portraits for these models are shown in Figs. 15, 16 and 17, where dashed blue curves correspond to the cases without slowroll inflationary phase and solid curves (red and blue) provide slow-roll inflation. However, only the red curves are observationally consistent with the Planck 2015 data, not the blue ones [14] .
